Introduction
The growth and differentiation of ovarian follicles in the rat appear to be dependent upon appropriate stimulation by both estrogens and gonadotropins . While the effects of estradiol and gonadotropins on granulosa cell receptor content for these hormones have been carefully related to morphological growth stages of ovarian follicles, a similar correlation between stages of follicular differentiation and the effects of these hormones on proliferation in different ovarian cell types has not been made. Estrogens have been shown to increase granulosa cell proliferation and ovarian responsiveness to follicle-stimulating hormone (FSH) in immature hypophysectomized rats (Pencharz 1940; Williams, 1940; Bradbury, 1961; Goldenberg, Vaitukaitis and Ross, 1972) . Sequential treatment of these estrogen-primed rats with FSH stimulates further granulosa cell proliferation (Ryle, 1969) with the formation of large antral follicles. The latter undergo luteinization upon exposure to an ovulatory dose of luteinizing hormone (LH) . The effects of LH on cellular proliferation in association with the induction of luteinization have been less extensively studied (Pedersen and Peters, 1971; Bartosik, Szarowski and Stone, 1974) . Although studies in the intact neonatal rat (Goldenberg, Reiter and Ross, 1973) suggest that at least one gonadotropin (pregnant mare serum gonadotropin) stimulates theta cell development prior to granulosa cell proliferation, little evidence exists for the effects, if any, of estrogens, FSH or LH on the proliferative activity of ovarian cell types other than granulosa cells (Hori et al., 1970; Eshkol and Lunenfeld, 1972 As seen in Figures 2C and 2D , granulosa cells after 2 and 3 days of estradiol treatment were heavily labeled (>14 grains per nucleus), whereas all the labeled cells in untreated animals ( Figure  2A ) and in animals treated with estradiol for 4 days ( Figure 2E ) were lightly labeled (7-14 grains per nucleus).
Animals treated with estradiol for 1 day showed both lightly and heavily labeled cells (Figure 28) .
Concomitant with its stimulation of granulosa cell proliferation, estradiol increased the proliferative activity of the cells in the theta interstitial tissue. Thus treatment with estradiol for 3 days caused a dramatic 30 fold (maximal) increase in the labeling index which declined to a value 4 fold that of control by the fourth day of treatment ( Figure IA) . As seen in Figure 1 B, the incorporation ratios in the residual tissues showed a similar pattern, but of a lesser magnitude, with a maximal increase (6.4 fold) after only 2 days of estradiol treatment which declined to a value 2.5 fold that of control by the fourth day of treatment. In those treatment groups in which the theta layers could be clearly distinguished, a large number (90%) of the labeled cells in the theta interstitial tissue were in the theta layers. As shown in Figure 3 , estradiol did not substantially alter the amount of label present per pg DNA in the 0.3 M acid-soluble fraction in either granulosa cells or residual tissue. The increase in proliferation was also reflected by an increase in the amount of DNA (pg per ovary) present in the granulosa and residual tissues (Figure 4) . In response to estradiol, the greatest amount of DNA in both tissues was seen following treatment with estradiol for 3 days. A fourth day of treatment caused no significant change.
Figure 4 also reveals that over the 4 day treatment period, vehicle-treated controls showed no measurable change in DNA content. Although not shown, the well known increase in follicular size and ovarian weight in response to estradiol was also observed.
Effects of hFSH on Ovarian Cell Proliferation
Since estrogen is known to increase the responsiveness of the ovary to gonadotropins (Goldenberg et al., 1972) , hFSH (2 pg per day) was administered to rats primed with estradiol (4 days) to determine the effects of FSH on proliferation.
Treatment with FSH for 1 day stimulated the proliferative activity of granulosa cells as seen by an increase in the labeling index (6 fold) and in the incorporation ratio (1.6 fold) depicted in Figures 1A and 1 Richards et al. (1976) . The cells of the nongranulosa component also responded to FSH with increased proliferative activity. The labeling index of the theta interstitial tissue increased 1.6 fold after the first day of treatment, and increased an additional 1.5 fold after the second day of FSH administration ( Figure  1A ). The majority of the labeled cells (80%) in the theta interstitial tissue were identified in the theta layers. Thymidine incorporation measured in the residual tissue showed no significant increase after the first day of treatment, but a 1.7 fold increase was observed after 2 days of FSH treatment ( Figure  1B ). Like estradiol, FSH did not alter the concentration of label in the 0.3 M acid-soluble fraction of granulosa cells. As shown in Figure 3 , however, treatment with FSH for 2 days caused a 2 fold increase of label in the acid-soluble fraction of the residual tissue. The stimulation of proliferation by FSH was also evident in an increase in the total amount of DNA present in the granulosa cells and residual tissue (Figure 4 ), higher values being measured after 2 days of treatment.
As expected, FSH also increased ovarian weight and induced formation of antra (data not shown).
Effects of oLH on Ovarian Cell Proliferation Richards et al. (1976) have reported that ovaries of estradiol FSH-primed, hypophysectomized rats contain many large antral follicles rich in LH receptor which undergo luteinization in response to oLH (60 pg). To determine the effects, if any, of oLH on ovarian cell proliferation in association with luteinization, a single injection (60 pg) of oLH was administered to rats primed with estradiol (4 days) and FSH (2 days).
The effects of oLH on specific cell types differed. LH caused a marked decline in proliferative activity of the luteinizing granulosa cells within 24 hr, as observed by the decrease in the labeling index (3.7 fold) ( Figure IA ) and in the incorporation ratio (3 fold) ( Figure 1B (Pencharz, 1940; Williams, 1940; Bradbury, 1961; Ryle, 1969; Pedersen and Peters, 1971; Goldenberg et al., 1972; Bartosik et al., 1974; Gospodarowicz and Gospodarowicz, 1975) .
The specific activity of thymidine triphosphate (TTP) was not measured in this study. Instead, an ratio, and the abscissa represents treatment groups as described for Figure 1A . Each point represents the mean f SEM (n = 5 (Pedersen and Gelfant, 1970) .
In this model system, the effectiveness of a given hormone in stimulating cell proliferation appears to depend on both the type of cell and its stage of development, and appears to be restricted over time. Similar findings have been reported for other model systems (Young, 1961; Stormshak et al., 1976) . As shown in Figure 1, do not incorporate 3H-thymidine, and that in response to LH, "luteal" cells in culture cease to proliferate (Gospodarowicz and Gospodarowicz, 1975) . These hormone-induced changes in proliferative activity can be correlated with hormone-induced changes in receptor content, responsiveness of the granulosa cell adenylate cyclase system and specific morphological growth stages observed in a similar experimental model Richards, Rao and Ireland, 1977) . Stimulation of proliferation by estradiol can also be correlated with estrogen-induced increase in ovarian responsiveness to gonadotropins (Louvet and Vaitukaitis, 1976 (Hori et al., 1970; Eshkol and Lunenfeld, 1972; Goldenberg et al., 1972) . Unlike the membrana granulosa, the nongranulosa ovarian compartment Ovaries from various treatment groups were handled as described in Figure 1A . Photographs were taken with the reduced silver grains in focus; consequently details of tissue histology may not be clearly visible. All sections were photographed under identical conditions and are printed at a final magnification of 90X. is comprised of several different cell types, including cells of the theta layer and interstitial tissue. Since the autoradiographic results indicated that hormonal stimulation of proliferation in the nongranulosa compartment was primarily restricted to cells of the theta layer (see Results), it would appear that the observed changes in the incorporation ratio of residual tissue were due to changes in proliferation of cells of the theta layer rather than those of the interstitium.
The discrepancy in the observations of the present study that estradiol can stimulate proliferation in the theta, and previously reported observations by Goldenberg et al. (1972) in which diethylstilbesterol did not appear to stimulate theta cell proliferation, could lie in the accuracy of determination of the number of labeled cells when they are present in low numbers.
Thus although a 30 fold increase in labeling index was seen ( Figure  IA) , the actual number of labeled theta interstitial cells were very few (2/300 in control as opposed to 27/ 130 in maximally stimulated animals), and the stimulation observed could easily be missed. Furthermore, if there are only a few proliferating cells, there would then be only a slight increase in the total DNA content of the theta interstitial tissue and a discrepancy between relative changes in incorporation ratios and labeling indices. As shown in Figures 1,2 and 4, such changes were observed.
While it is probable that estradiol acts directly on the theta interstitial cells to stimulate proliferation (these cells appear to contain receptors for estra- diol; Richards, 1975; Stumpf, 1969) , the effect of FSH in stimulating theta cell proliferation suggests an indirect action since there is no evidence for the occurrence of FSH receptor in theta cells (Richards, 1975) , was commenced on day 26 of age. Briefly, hypophysectomized rats were injected subcutaneously with vehicle or estradiol (2.0 mg10.2 ml propylene glycol per day) for l-4 days. To study the effects of protein hormones, rats primed with estradiol were treated with hFSH (1 pg x 2 per day) for 1 or 2 days or with hFSH for 2 days followed by a single injection of oLH (60 pg).
Procedures Proliferation has been assessed on the basis of autoradiographic localization of *H-thymidine in nuclei of granulosa cells and nongranulosa ovarian cells, and biochemical assessment of DNA content and incorporation of 5H-thymidine into the DNA of these two cell types. Autoradtographk Analyses Rats from each stage of hormone treatment were injected intraperitoneally with SH-thymidine (15 &i/g body weight) in 0.9 ml distilled water. 1 hr later, animals were killed with an overdose of ether. The ovaries and short segments of the small intestine (used as control tissue) were removed and fixed in Bouin's fluid for 24 hr at room temperature.
The tissues were dehydrated and embedded in paraplast by routine histological procedures (Preece, 1972 Received August 8, 1977; revised February 28, 1978 
